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0 Fiuoroeiastomers comprising monomeric units deriving from a bis-oiefln. 



0 New fiuoroeiastomers are described, comprising 
formula: 



monomeric units deriving from a bis-olefin having general 
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R^RjC = C -Z- C = CRsRg 

I I 

R3 R4 



(I) 



r'' Rr Ra R. Rs Rs equal or different from each other, are H or alkyls C1-C5; Z is an alkylene or 
cValkyrene^Idical^^ or branched, optionally containing oxygen atoms, preferably at least partially 

mixture In^^ superior mechanical and workability properties during extrusion and m,ect.on molding, with a 
very good mold release. 
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aooJmpnT''"V''r''r """^ fluoroelastomers endowed with Improved processabillty and very 

good mechanical and elastic properties. y a u very 

nnnd IT.' knowH in the art. broadly used in all of those fields where very 

good e astic propert.es combined with high thermochemical stability are required. For a wide survey of such 

^r^%T.Z':^:~^^^ "-'-^^^ °' — pages^lA"2 
The vulcanization of fluoroelastomers can be carried out either ionically or by means of peroxides In 
the former case, suitable curing agents (for instance polyhydroxylated compLnds) coZeL th a^cSr^ 
ur ni r added to the fluoroelastomer. In the c^ of peroxide 

cunng, the po ymer must contain curing sites capable of forming radicals In the presence of perox^es To 
this purpose, cure-s.te" monomers containing iodine and/or bromine can be Introduced into thrchaTn as 
descnbed for mstance in US.4,035.565. US-4.745.165 and EP-199,138. or iodine- and/ofb ti e^oSing 
cha,n transfer agents can be used during polymerisation, which form iodinated and/o7rolaS eTd 
groups (see for instance US-4,243,770 and US-5.1 73 553) orominatea end 

" wn.i.l?r^^? encountered during the formulation of vulcanization mixtures is the scarce 

workability, particularly during calendering, which requires long times, especially as regards incomora ion of 

milTwS S^^^^^^^ ^" °' P-^-'^ entering the vuTcaS^^^^ 

Ifh LT J ! s'abilizers. efo.. while the fillers are generally products 

. ^^'"^^^'-^ - ^^^^^ ^ 

It is known that polymers having a wide molecular weight distribution generally show a better 
processabillty therefore the aforesaid drawback might be overcome by modifying the ftoroelasfor^e 
molecu ar weight distribution acting on the polymerisation process paraLters. n partTcu ar tL tr^^ 
.5 Tl ZirT '"". f '"'"'"^ ''''''' °' •'^^ °' ^hain transfer aglt Ho™ 

"te mea'su;^^^^^^^ *° ' ^'^^^ ^^^'""9 ^ --tr-ion. as shown by Gar^S 

It is also known that an improvement in the fluoroelastomer processabillty is obtainable by suitablv 
mixing polymers having different molecular weight distribution. As unavoidable consequence in addi on o 
.0 SSoc^r"^"' ' ^"^^"'"^ °^ P-P^^'- m'oldabiJiy'o? ..r^nS 

with^mnroS"""' 17. surprisingly found that it is possible to obtain new fluoroelastomers endowed 
nZ 7JrH! 7T'^"'*y- ^"""9 calendering of the vulcanization mixture, along wSh very 

f r """""'''"^ '"""9 injection molding, with a very good r^oS 

. ^^^^^^^^^^ -'-^^ — Of a bisirwr 

a bis°l«: ;Ll7;:re;lS^^^ ' ^ ^^^^^^'^^^^ -^^^ ^-ivmg ,rom 

RiRjC = C -Z- C = CRsR. (t) 
I I 

45 wherein: 

Ri. R2. Ra. R4, R5. Rs. equal or different from each other, are H or alkyls C,-Cs- 

When Z IS a (per)fluoropolyoxyalkylene radical, it has preferably the formula: 
-(Q)p-CF20-(CF2CF20L(CF20)„-CF2-(Q)p- (||) 



55 



Wherein: Q is an alkylene or oxyalkylene radical C,-C,o; p is 0 or 1; m and n are integers such that the m/n 
rato IS comprised between 0.2 and 5 and the molecular weight of said (per)fluoropZ"ya kyie^ a^^^^^^^^^ 
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The bis-olefins of formula (I) wherein Z is an alkylena or eye oalkylene '^^^ ^^"J^l^^''^^^ 
according to what described, for instance, by I.L. Knunyants et a! .n Izv. Akad. Nauk. SSSR Sen l<h,m 
1964(2). 384-6. while the bis-olefins containing (per)fluoropolyoxyalkylene sequences are descnbed in US- 

5 ^"^^JlJtmount of units in the chain deriving from such bis-olefins is generally comprised between 0.01 
and 1 0 ris preferably between 0.03 and 0.5 mols. even more preferably between 0.05 and 0.2 moles per 
100 moles of the other base monomeric units. 

The base structure of the fluoroelastomer can be in particular selected from: 

(1) VDF-based copolymers, wherein VDF is copolymerized with at least a comonomer selected from. 
,0 perfluoroolefins C-C.such as tetrafluoroethylene (TFE). hexafluoropropene (HFP) chloro- and or bromo- 

and/or iodo-fluoroolefins C.-Cs, such as chlorotrifluoroethylene (CTFE) and ""^/''^^ ^^^^^^^^ 

fluoroalkylvinylethers (PAVE) CF. = CFOR„ wherein R, is a (P^^'^^/f ."^y' "f* '^^L -cVoX 
trifluoromethyl. bromodifluoromethyl. pentafluoropropyl; perfluoro-oxyalkylvmylethers CF2-CFOX. 
wherein X is a perfluoro-oxyalkyi C-C. having one or more ether groups, for mstance perfluoro-2- 
propoxypropyl: non-fluorinated olefins (01) C2-C, , for instance ethylene and propylene: 

(2) TFE based copolymers, where TFE is copolymerised with at least a comonomer selected rorn. (per^ 
luoroalkylvinylethers (PAVE) CF, =CFOR„ wherein R, is defined as above; perfluoro-oxyalky vinylethers 
CfT=CFW is defined as above; fluoroolefins C.-Cs containing hydrogen and/or chlonne 
and/or bromine and/or iodine atoms: non-fluorinated olefins (OI)C2-C8. ,ho {nimwinn (»/ bv 

Within the classes defined above, the preferred base monomer compositions are the follow ng ( A by 
moles a) VDF 45-85%, HFP 15-45%, 0-30% TFE; (b) VDF 50-80%. PAVE 5-50%. 0-20%; 
9n S/ 01 10-30% HFP and/or PAVE 18-27%. TFE 10-30%: (d) TFE 50-80%. PAVE 20-50%; (e) TFE 45- 
65% Oi 2!>^5si^^ t£%yT^^^^^ 32-60%. O. 10-40%. PAVE 20-40%: (g) TFE 33-75%. 15-45% PAVE. 
1 n 00^/ \/DP 

It i°s important to point out that, in the case of peroxide curable fluoroelastomers. the addition of small 
amounts of a bis-olefin according to the present invention allows to obtain further outstanding advantages. It 
Tindeed known that, in order to reach a good vulcanisation level, it is necessary to -ncrease as much as 
possible the amount of reactive sites, namely the iodine and/or bromine amount per <^^a|n. For ha, purpose^ 
we can try to increase the amount of iodinated and/or brominated chain transfer agent, avoiding as far as 
^ssTble a decay of the reaction rato. Apart from the operating difficulties that such a mejod 'nvolves^ the 
Somber of iodine and/or bromine atoms per chain can be at most equal to two, since ^hain trj sto^^ 
^rnts known in the art contain at most two iodine and/or bromine atoms. Practically, such theoretical l.ma 
Tneler reached iust because it is not possible to increase the chain transfer agent/initia.or ratKj beyond 
certain limits without causing an unacceptable decrease of reaction rato. Following such a method, t e 
maximum obtainable number of iodine and/or bromine atoms per chain is usually of about 1.8. Therefore 
^rvulcanisation level of the final product turns out to be insufficient for many applications where high 
elastic pmperties are required. For instance, the compression set value for such products ,s generally equal 
to??eS5% (measured at 200 • C for 70 hours according to standard ASTM D395, Method B . 

AS clearly results by comparing the working examples of the invention with t e comparative or^es 
.0 reported here nbelow. the introduction of small amounts of a bis-olefin according to the present .nvent,on 
causes a sort of pre-curing of the product (as shown by the high molecular weights which are reached) and 
a^ws in me cLe of peroxide curing, to remarkably increase the amount of terminal iodine and/or brornine 
prchain if compared with the same polymer prepared without the bis-olefin. Consequent y^ is pos.b^ 0 
reach high vulcanization levels and thus exceptionally low compression set ^^"^^■^^^^l'"^^^^^^^ 
45 of 0-rings. the compression set, measured at 200-C for 70 hours according to standard ASTM D395 
Method B, is generally lower than 25%. 

The prei^ration of the fluoroelastomers object of the present invention can be earned out by 
copolym^isation of the monomers in aqueous emulsion according to methods we "^^^ l ^hSs'^o^ 
presence of radical initiators (for instance, alkali metal or ammonium ^^""^"f^^^^^ 
50 borates or percarbonates), optionally in combination with ferrous, cuprous or silver ^^^ts ^ °th«'^^^^^^^ 
oxidable metals. In the reaction medium also surfactants of various type are usually present, among which 
particularly preferred are the fluorinated surfactants of formula: 

RrX- 

wherein R, is a (per)fluoroalkyl chain Cs-Ce or a (per)fluoropolyoxyalkylene chain. X" is -COO- or -SO," 
is selected from- H^ NH,\ an alkali metal ion. Among the most commonly used we can cite, 
ammonium perfluorooctanoate. (per)fluoropolyoxyalkylenes terminated with one or more carboxyl.c groups. 



75 



20 



25 



30 



35 



3 



EP 0 661 304 A1 



etc. 



The b,s-olef.n amount to be added to the reaction mixture depends on the quantity of units deriving 
therefrom wh.ch are desired In the final product, keeping in mind that, at the low amounts used according to 

5 ll chTn ^" °* ^'^^"^ "'^d'"'" 

When the polymerisation is concluded, the fluoroelastomer is isolated from the emulsion by means of 
conventional methods, such as coagulation by addition of electrolytes or by cooling 

nn-ui'*!"^"^'^' /^,! P^T^"'^""" ^^^"^ -^^^^ °^ suspension, in an organic 

liquid where a suitable radical initiator is present, according to well known techniques 

10 The polymenzation reaction Is generally carried out at temperatures of from 25' to 150- C under 
pressure up to 10 MPa. ^ lou y., unaer 

The preparation of the fluoroelastomers object of the present invention is preferably carried out in 
aqueous emulsion in the presence of an emulsion, dispersion or microemulsion of perfluoropolyoxyal- 
kylenes, according to what described in US-4.789,71 7 and US-4 864 006 ^ y y 

15 The fluoroelastomers object of the present invention are preferably cured by peroxides, hence they 
preferably contain in the chain and/or in the end groups of the macromolecules Iodine and/or bromine 
atoms. The introduction of such Iodine and/or bromine atoms can be achieved by addition, in the reaction 

J^vlTirol pTTo r'^'T '"^'T"^ comonomers, such as bromine and/or iodine olefins 

having from 2 to 10 carbon atoms (as described for instance in US-4,035,565 and US-4,694 045) or iodine 
20 and/or bromine fluoroalkylvinylethers (as described in US-4,745,165, US-4,564.662 and EP-199 138) in 

005 anTp "1,1?* '''^2"'^-f^\T°''°"'^' P^^^"'^* 9^"^^^"y ^^^^P^i^^d between 

0.05 and 2 moles per 100 moles of the other base monomeric units. 

Altematively or also in association with "cure-site" comonomers, it is possible to introduce terminal 
iodine and/or bromme atoms by adding to the reaction mixture iodinated and/or brominated chain transfer 
fi™h.'" 1.^! for instance compounds of formula R,(l).(Br)„ wherein R, is a (per)fluoroalkyl or a (per)- 
fluorochloroalkyl having from 1 to 8 carbon atoms, while x and y are integers comprised between 0 and 2 
with 1 ^ x + y S 2 (see for instance US-4.243,770 and US-4.943,622). It is also possible to use as chain 
";„^9ents alkali or alkaline-earth metal iodided and bromides, according to what described in US- 

30 Alternatively, or in association with iodine and/or bromine containing chain transfer agents, other chain 
transfer agents known in the art can be employed, such as ethyl acetate, diethylmalonate etc 
.«nJh.! f '°''«^^.<^"""9 .^^^--i^d out, according to known techniques, by adding a suitable peroxide 
capable of generating radicals by heating. Among the most commonly used, we can cite: dialkylperoxides 
,s dih<?n^' I instance diterbutyl-peroxide and 2,5-dimethyl-2,5-di(terbutylperoxy)-hexane: dicumyl peroxide," 
35 dibenzoyi peroxide; d.terbutyl perbenzoate; cli[1,3-dimethyl-3-(terbutyl-peroxy)butyl].carbonate. Other perox- 
ide systems are descnbed, for instance, in patent applications EP-136.596 and EP-410 351 
To the vulcanization mixture other products are also added, such as- 

(a) curing coagents. In amounts generally comprised between 0.5 and 10%, preferably between 1 and 
7 /,. by weight wrth respect to the polymer; among them, commonly used are: triallyl-cyanurate; triallyl- 

40 isocyanurate (TAIC); tris(diallylamine)-s-triazine; triallylphosphite; N.N-diallyl-acrylamide- N N N' N'- 
Mlyl-malonamlde; trivinyl-isocyanurate; 2.4.6-trivinyl-methyltrislloxane. etc.; TAIC is particularly pre- 

(b) a metal compound, in amounts comprised between 1 and 15%. preferably between 2 and 10% by 
weight with respect to the polymer, selected from oxides or hydroxides of divalent metals, such as for 

45 instance Mg. Zn. Ca or Pb. optionally associated with a weak acid salt, such as for Instance Ba. Na K 
Pb, oa stearates, benzoates. carbonates, oxalates or phosphites; 

(c) other conventional additives, such as thickeners, pigments, antioxidants, stabilizers and the like 
in Jh- f fli'oroelastomers object of the present invention are intended to be ionically' cured 

nown i'n ih P^"'^!^*^"^^^^*^^ ^^ove at items (b) and (c). suitable curing agents and accelerators we 
ZZl^V , Tr vulcanization mixture. For instance, as curing agents, aromatic or aliphatic 

Ss7TT^^^T.o'f\°' d^^^"bed for instance in EP- 

lln^llr US-4.233.427. Among them we can cite in particular: di-. tri- and tetra-hydroxy benzenes. 

.nnhT ."'."k ""P"^"""" ""9S are linked each other through ar^ 

ahpha^^c cycloahphatic or aromatic divalent radical, or through an oxygen or sulphur atom, or L a 

rlT,7, ^Tf' f ""^^ ^ '^^^^"^ °' cl^'orine. fluorine, bromine atoms or by 

carbonyl. alkyi, acyl groups. ^ 

c..l^rnT^^T°? '^^^ "'^"^ Phosphonium, arsonium or antimonium 

quaternary salts (see for instance EP-335,705 and US-3.876.654): amino-phosphonium salts (see Z 
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instance US-4,259.463); phosphoranes (see for instance US-3,752,787); the imine compounds described in 

EP-1 82.299 and EP-1 20.462; etc. ^ • i=d .oc coo 

It is also possible to use mixed curing systems, both ionic and peroxidic. as descnbed in EP-1 36.59b. 
The present invention will be now better illustrated by the following working examples, which have a 
purpose merely indicative but not limitative of the scope of the invention itself. 

The calendering processability was evaluated by measurements of Black Incorporation Time (BIT), i.e. 
of the time that the polymer takes to incorporate fillers during calendering. Operatively. such measurement 
was carried out with a calender having rolls with a 150 mm diameter, to which about 0.5 kg of polymer was 
caused to adhere. As soon as the polymer formed an uniform layer on the rolls, the fillers were added with 
an amount as reported in the tables: the BIT is defined as the time elapsing from the filler addition to the 
moment when the latter are no longer released from the rolls themselves. Of course, the lower the BIT. the 
higher the rate of filler incorporation, and thus the higher the calendering process productivity. 

EXAMPLE 1 

In a 5 I autoclave, equipped with a stirrer working at 630 rpm. were charged, after evacuation. 4 I of 
demineralised water and 41.1 ml of a perfluoropolyoxyalkylene microemulsion previously obtained by 
mixing: 

- 8.9 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 
CF3 0(CF2 -CF(CF3 )0)n(CF2 0)mCF2 COOH 

wherein n/m = 10, having average molecular weight of 600; 

- 8.9 ml of a 30% by volume aqueous NH4OH solution; 
25 ■ 17.8 ml of demineralized water; 

- 5.5 ml of Galden**^^ D02 of formula: 

CF3 0(CF2 -CF(CF3 )0)n(CF2 0)rr,CF3 

30 wherein n/m = 20, having average molecular weight of 450. 

The autoclave was then brought to 85»C and kept at such temperature for the whole duration of the 
reaction. The following monomer mixture was then fed: 



75 



20 





vinyltdene fluoride (VDF) 


14.7% by moles 


35 


hexafluoropropene (HFP) 


78.0% " 




tetrafluoroethylene (TFE) 


7.3% " 



so as to bring the pressure to 22 bar. 
40 In the autoclave were then introduced: 

- ammonium persulphate (APS) as initiator, in the form of an aqueous solution having a 50 g/l 
concentration, the addition was carried out in 10 portions, the first one of 30 ml. the subsequent ones 
each of 3.4 ml every 10% increase in the monomer conversion; 

- 1 4-diiodoperfluorobutane (UFsb) as chain transfer agent, in the form of solution obtained dissolving 
45 4 26 ml of the iodinated product in 45.74 ml of the same Galden<«> D02 used for the microemulsion; 

the addition was carried out in 20 portions, each of 2.5 ml. beginning from the polymenzation start 
and every 5% increase in the monomer conversion; 

- the bis-olefin of formula CH2 =CH-(CF2)6-CH = CH2. in the form of solution obtained dissolving 2.5 ml 
in 47 5 ml of the same Galden<'^> D02 described above; the addition was carried out in 20 portions, 

50 each of 2.5 ml. beginning from the polymerization start and every 5% increase in the monomer 

conversion. u < ^- * 

The 22 bar pressure was kept constant for the whole duration of the polymenzation by feeding a 

mixture consisting of: 

55 



5 



EP 0 661 304 A1 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



10 



15 



After 23 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer 
coagulated, washed and dried. 622 g of product were so obtained, which was characterized as reported In 
Table 1. 

The monomer composition of the polymer was determined by ^^F-NMR and IR analysis the iodine 
percentage by measurements of X-ray fluorescence. The average molecular weights M, (number) - 
(weight) and were measured by gel permeation chromatography (GPC), from which the osmometric 
molecular weight (Mosm) was calculated by means of calibration curves. 

The polymer was then peroxide cured: the vulcanization mixture composition and the characteristics of 
the cured product are reported in Table 2. 

PCAMPLE 2 (comparative) 



Following the same procedure as described in Example 1, a polymer of the same type but devoid of 
the bis-olefin was prepared. The characteristics of the product as such and of that peroxide cured are 
20 reported in Tables 1 and 2 respectively. 

TABLE 1 



EXAMPLE 


1 


2(-) 


Polymer composltiion (%mole) 






VDF 


50 


50 


HFP 


26 


26 


TFE 


24 


24 


bis-olefin 


0.16 




Iodine 


(% by wt.) 
(per chain) 


0.64 
3.4 


0.63 
1.5 


Mooney viscosity (ASTM D1646) 






ML(1+10')121-C 


11 


n.d. 


ML(1+4')100*C 


25 


4 


Intrinsic viscosity M (at 30*C in MEK) 


37.8 


23.7 


Tg onset ( • C) (DSC -ASTM D 3418-82) 


-12.3 


-14.3 


Mn 


30.000 


24,000 


Mw 


136.000 


40.000 


Mz 


497.000 


59.000 




4.5 


1,6 




3.6 


1.5 


Mosm 


67,000 


35,000 



comparative 



n.d.: not determinable 
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TABLE 2 



EXAMPLE 


1 


2n 


Vulcanization mixture composition 






Polymer (g) 


100 


100 


Luperco^ ' lUi XL (pnr) 


3 


3 


unmix 1 AIL/ \pnrj 


4 


4 


z.nu (pnr) 


5 


5 


uarDon oiacK m i (pnr) 


30 


30 


Vulcanization mixture characteristics 






*Mooney viscosity ML(1 +10') 121 (ASTM D1646) 


17 


2 


•ODR 1 77 arc 3. 12* (ASTM D2084-81) 






ML (pounds -Inch) 


4 


1 


MH (pounds* inch) 


134 


120 


ts2 (sec) 


42 


60 


ts5o (sec) 


63 


78 


VsQ (sec) 


96 


108 


V ^DOiinris* fnnt* inph/^p»p\ 


O.OD 




Prooerties after curina in ores^ at 170 • n fnr in min 






MbOHANIOAL PROPERTIES (ASTM D412-83) 






Modulus at 100% (MPa) 


7.5 


n.d. 


Stress at break (MPa) 


13.2 


n.d. 


Elongation at break (%) 


158 


n.d. 


Shore Hardness A (points) 


D / 


n.Q. 


Properties after post-curing in oven at 230 'C for 24 hours 






•MECHANICAL PROPERTIES (ASTM D412-83) 






Modulus at 100% (MPa) 


8.0 


n.d. 


Stress at break (MPa) 


16.3 


n.d. 


Elongation at break (%) 


16.2 


n.d. 


Hardness Shore A (points) 


69 


n.d. 


COMPRESSION SET at 200*0 for 70 hours (ASTM D395 Method B) 






0-ring 214 (%) 


38 


n.d. 


Disc (%) 


15 


n.d. 



* ' comparative 

n.d.: not determinable 



45 

EXAMPLE 3 



In a 5 I auoclave. equipped with a stirrer working at 630 rpm. were charged, after evacuation. 3.5 I of 
demineralized water and 36.0 ml of a perfluoropolyoxyalkylene microemulsion previously obtained by 
mixing: 

- 7.8 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 
GF3 0(CF2 -CF(CF3 )0)n(CF2 0)„,C Fz COOH 

wherein n/m = 10, having average molecular weight of 600; 

- 7.8 ml of a 30% by volume NH4OH aqueous solution; 

- 15.6 ml of demineralized water; 
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- 5.5 ml of Galden^"^ D02 of formula: 



CFa 0{CF2 -CF(CF3 )0)n(CF2 0)„,CF3 

wherein n/m = 20. having average molecular weight of 450. 
The autoclave was then brought to 80 'C and kept at such temperature for the whole duration of the 
reaction. The following monomer mixture was then fed: 



JO 



vinylidene fluoride (VDF) 
perfluoromethylvinylether (MVE) 

tetrafluoroethylene (TFE) 



45% by moles 
36% by moles 
19% by moles 



so as to bring the pressure to 22 bar. 
15 In the autoclave were then introduced: 

- ammonium persulphate (APS) as initiator, in the form of an aqueous solution having concentration of 2 
g/l; the addition was carried out In a single portion of 50 ml; 

- 1 .4-diiodoperfluorobutane (C^Fsb) as chain transfer agent, in the form of solution obtained dissolving 
4.26 ml of the iodinated product in 45.74 ml of the same Galden^^^ D02 used for the microemulsion; 

20 the addition was carried out in 20 portions, each of 2.5 ml, beginning from the polymerization start 

and every 5% increase in the monomer conversion; 

- the bis-olefin of formula CH2 =CH-(CF2)6-CH = CH2, in the form of a solution obtained dissolving 2.9 
ml in 47.1 ml of the same Galden*'^^ D02 described above; the addition was carried out in 20 portions, 
each of 2.5 ml, beginning from the polymerization start and every 5% increase in the monomer 

25 conversion. 

The pressure of 22 bar was kept constant for the whole duration of the polymerization by feeding a 
mixture consisting of: 





VDF 


58% by moles 


30 


MVE 


18% by moles 




TFE 


24% by moles 



After 116 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer 
35 coagulated, washed and dried. 1500 g of product were so obtained, which was characterized as reported in 
Table 3. 

The polymer was then vulcanized by means of peroxides: the vulcanization mixture composition and 
the characteristics of the cured product are reported in Table 4. 



40 EXAMPLE 4 (comparative) 

Following the same procedure as described in Example 3, a polymer of the same type but devoid of 
the bis-olefin was prepared. The characteristics of the product as such and of that cured by means of 
peroxides, are reported in Tables 3 and 4 respectively. 

45 
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TABLE 3 



EXAMPLE 


3 


4n 


Polymer composition (%mole) 






VDF 


59.2 


fin 1 


MVE 


1 7 R 


18.2 


TFE 


23.2 




bis-olefin 




0.074 




Iodine 


(% by wt.) 


0.29 






(per chain) 


2.05 


1.53 


Mooney viscosity (ASTM D1646) 




ML(1 +10') 121 -C 


56 


20 


ML(1 +4') 100 




80 


37 


Intrinsic viscosity h] (at 30'C in MEK) 


89 


72.6 


Tg onset CC) (DSC -ASTM D 3418-82) 


-30.7 


-30.8 




81.000 


62,000 


Mw 


467,000 


212.000 


Mz 


2.688.000 


1,038,000 


Mw/M„ 


5.8 


3.4 


M^/Mv, 


5.7 


4.9 




90.000 


67,000 




comparative 
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TABLE 4 





EXAMPLE 


3 


4r) 


5 


Vulcanization mixture composition 








roiynner yy) 
Luperco^^MOl XL (phr) 
Drimix<^> TAIC (phr) 


100 
3 
4 
5 


100 
3 
4 
5 


70 


ZnO (phr) 

Carbon black MT (phr) 


30 


30 




Vulcanization mixture characteristics 








*Mooney viscosity ML(1 + 10') 121 -C (ASTM D1646) 




21 


75 


*ODR 177"C arc 3, 12' (ASTM D2084-81) 






20 


ML (pounds* inch) 
MH (pounds* inch) 

ts2 (sec) 
ts5o (sec) 
t'so (sec) 

Vmax (pounds •foot -inch/sec) 


1 *t 

133 
48 

75 
105 
2.63 


4 
127 

51 
81 
105 
3.19 




Properties after curing in press at 170 • C for 10 mm 








j *MECHANICAL PROPERTIES (ASTM D412-83) 






25 


Modulus at 100% (MPa) 
Stress at break (MPa) 

1 PInnnatInn flt hrsak (%^ 

Hardness Shore A (points) 


5.1 
16.5 
199 
69 


4.4 
16.8 
224 
69 


30 


Properties after post-curing in oven at 200 ' C for 30 mm 








*MECHANICAL PROPERTIES (ASTM D41 2-83) 






35 


Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 


5.1 
18.3 
210 
69 


4.7 

17.8 
225 
69 




^COMPRESSION SET at 200 • C for 70 hours (ASTM D395 Method B) 






40 


0-ring214(%) 


24 


28 



<** comparative 



45 



50 



EXAMPLE 5 

in a 5 I auoclave. equipped with a stirrer working at 630 rpm. were charged, after evacuation 3^ 1 of 
deminerJized water and 360 ml of a perfluoropolyoxyalkylene microemulsion previously obtamed by 

^'^.'"7.8 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 
CF3O(CF2-CF(CF3)0)n(CF2O)„,CF2CO0H 



wherein n/m = 10. having average amolecular weight of 600; 

- 7.8 ml of a 30% by volume NH4OH aqueous solution; 

- 1 5.6 ml of demlneralized water; 

- 5.5 ml of Galden«"> D02 of formula: 

CF30(CF2-CF(CF3)0)„(CF20)mCF3 
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wherein n/m = 20, having average molecular weight of 450 

r.J!Z TIT ""^^ ^""^^^^ '"P* temperature for the whole duration of the 

reaction. The following monomer mixture was then fed: 



75 



20 



vinylidene fluoride (VDF) 
perfluoropropene (HFP) 
tetrafluoroethylene (TFE) 



10 



27% by moles 
57% by moles 
16% by moles 



so as to bring the pressure to 25 bar. 

In the autoclave were then introduced: 

' nrh?!!Z r''"""'"" ^""y °* "''"^"^ ^^'"^ concentration of 1 

g/l, the addition was carried out in a single portion of 140 ml- 

" il^ff^r^'r'^^f "'f ^9ent, i'n the form of a solution obtained dissolv- 

II tlT T'^ P'""^"" ^° °' '^'^^ '2^"'^""" used for the microemulsion- 

he addition was earned out in a single portion when the polymerization start was detected- 

' mnn 46?l"l ^ .h"""" ^^^:C»;-p'^^)«-CH = CH.. in the form of a solution obtained dissolving 3.7 
rJrh T^T K '-""-^ ''^"""''"^ ^''°^®= carried out in 20 porHons 

conIer° ion polymerization start and every 5% increase in the monome; 

mixtlr^coSirg of:'' '''' °' P°'V-"-'ion 'eeding a 



25 



30 



35 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



rn.nTjJ^° minutes of reaction, the autoclave was cooled, the latex discharged and the polymer 
coagulated, washed and dned. 1550 g of product were so obtained, which was characterized as retried in 

thP Jhl^?'^-T' TJ^'" ^"^oauized by means of peroxides: the vulcanization mixture composition and 
the charactenstics of the cured product are reported in Table 6. 

EXAMPLE 6 (comparative) 

thP S!' .Tif-^ '""V^""^ ^"^^'^'''^ ^^^'^P'^ ^' ^ P^'y^^' °' the same type, but devoid of 

the b.s-olef.n and using an amount of iodinated chain transfer agent of 2.6 ml was prepared The 

TarrSpeclT; " °' '''' ^"'^^"'^^^ °' P^-'^- - SpoTd" 



45 



50 



55 
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TABLE 5 



EXAMPLE 


5 


6^ 


Polymer composition (%mole) 






VDF 


52.2 


53.1 


HFP 


23.6 


23.2 


TFE 


24.2 


23.7 


bis-olefin 


0.093 




Iodine 


{% by wt.) 
(per chain) 


0.32 
2.64 


0.18 
1.1 


Mooney viscosity (ASTM D1646) 






ML(1 +10')121-C 


54 


51 


ML(1+4')100*C 


99 


89 


Tg onset (-C) (DSC -ASTM D 3418-82) 


-12.0 


-13.2 


Mn 


81 ,000 


69,000 


Mw 


315,000 


163,000 


Mz 


958.000 


333,000 


Mw/Mn 


3.9 


2.3 


Mz/Mw 


3.0 


2.0 


Mosm 


105,000 


78,000 



comparative 



35 



40 



45 



50 
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TABLE 6 





EXAMPLE 


5 




5 


Vulcanization mixture composition 






10 


Polymer (g) 

Luperco*'^) 101 XL (phr) 
Dnm\x^^> TAIC (phr) 
ZnO (phr) 

Carbon black MT (phr) 


100 
3 
4 

5 
30 


3 
4 

5 
30 




Vulcanization mixture characteristics 








'Mooney viscosity ML(1 +10') 121 'C (ASTM D1646) 


41 


48 


15 


UUH 177 C arc 3, 12' (ASTM D2084-81) 






20 


Ml lODl inHc > irtohtN 

VP'-''-" luo • ii luiiJ 

MH (pounds •inch) 

ts2 (sec) 
ts5o (sec) 
t'90 (sec) 

Vmax (pounds- foot^ inch/sec) 


14 
141 
40 
61 

2.7 


15 
120 

75 
105 

IDU 

2.2 




Properties after curing in press at 170' C for 10 min 






25 


*MECHANICAL PROPERTIES (ASTM D412-83) 






30 


Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 


7.5 
21.4 

78 


5.6 
19.2 

76 




Properties after post-curing in oven at 200 for 30 min 








•MECHANICAL PROPERTIES (ASTM D412-83) 






35 


Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 


8.5 

23.7 
260 
79 


6.2 
21.6 
251 

76 




•COMPRESSION SET at 200 -C for 70 hours (ASTM D395 Method B) 






40 


0-ring 214 (%) 


23 


30 



comparative 



EXAMPLE 7 

45 ~ 



In a 5 I autoclave, equipped with a stirrer working at 630 rpm, were charged, after evacuation 40 I of 
dem.neral.zed water and 410.1 ml of a perfluoropolyoxyalkylene microemuLn previousrSin?d by 

- 8.9 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 

CF30(CF2.CF(CF3)0)„(CF20)^CF2COOH 

wherein n/m = 10. having average molecular weight of 600; 
gg - 8.9 ml of a 30% by volume NH4OH aqueous solution; 
" 17.8 ml of demineralized water; 

- 5.5 ml of Galden<"> D02 of formula: 

CF30(CF2-CF{CF3)0)„(CF20),CF3 
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whprpin n/m = 20 havino average molecular weight of 450. 
The alclave was then tJought ?o 85-0 and kept at such temperature for the whole durafor, of the 
reaction. The following monomer mixture was then fed: 



vinylidene fluoride (VDF) 
perfluoropropene (HFP) 



53.5% by moles 
46.5% by moles 



10 so as to bring the pressure to 22 bar. 

In the autoclave were then introduced: 

- amrnoniurr, persulphate (APS) as initiator. In the fom, of an aqueous solution having concer.trat,on o 
50 g/Uhe addition was carried out In 10 portions, the first one of 40.4 ml. the followmg ones each of 
4 4 ml everv 10% increase in the monomer conversion; 

ethvTace^^te as chain transfer agent, in the form of a solution obtained dissolving 66 ml thereof m 
" " foormi of wLr: To ml thereoJ were added In a single portion when the po.ymerieatlon start was 

l?bS-oiefin of formula CH-CH-(CF2),-CH = CH2, in the form of a solution obtained dissolving 2.5 
* in 47 ml 0 the same Galden*") D02 described above; the addition was carried out in 20 portions 
each of 2.5 ml. beginning from the polymerization start and every 5% increase .n the monomer 

Th'e"pres?ure of 22 bar was kept constant for the whole duration of the polymerization by feeding a 
mixture consisting of: 



25 



30 



35 



1 VDF 


78.5% by moles 


1 HFP 


21 .5% 

I 



After 30 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer 
coag^id washed and dried. 626 g of product were so obtained, which was charactenzed as reported in 

^^^?he polymer was then ionically vulcanized: the vulcanization mixture composition and the characteris- 
tics of the cured product are reported in Table 8. 

EXAMPLE 8 (comparative) 

Following the same procedure described In Example 7, a polymer of the same type but devoid of the 
bis-oeirwas prepared. The characteristics of the product as such and of that ionically cured are reported 
in Tables 7 and 8 respectively. 



40 



45 



50 



55 
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TABLE 7 



EXAMPLE 


7 


8^ 


Polymer composition (%mole) 






VDF 
Mrr 

bis-olefin 


78.7 
21.3 
0.14 


78.2 
21.8 


Mooney viscosity (ASTM D1646) 






ML(1 + 10') 121 -C 
ML(1 +4') lOO'C 


70 
111 


58 
95 


Intrinsic viscosity M (at 30 ' C in MEK) 


104 


90 


Tg onset ( • C) (DSC - ASTM D 3418-82) 


-24.8 


-26.2 


Mn 


58.000 
31 1 ,000 
826,000 
5.3 
2.6 


70.000 
292,000 
792,000 
4.2 
2.7 



comparative 
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TABLE 8 



EXAMPLE 


"7 
I 


o 


Vulcanization mixture composition 






Polymer (g) 
M1 (phr) 
M2 (phr) 
MgO (phr) 
Ca(0H)2 (phr) 
Carbon black MT (phr) 


100 
4 
1.5 

3 
6 
30 


lUU 

4 

1.5 

o 
6 
30 


Black Incorporation Time (BIT) (relating to carbon black, MgO, Ca(0H)2) 


2'43" 


4'49'' 


Vulcanization mixture characteristics 






*Mooney viscosity ML(1 + 10') 121 ' C (ASTM D1646) 




QR 


*ODR 177-C arc 3, 12' (ASTM D2084-81) 






ML (pounds^inch) 
MH (pounds* inch) 

ts2 (sec) 
ts5o (sec) 
t'go (sec) 

Vmax (pounds^foot- inch/sec) 


20 
112 
162 
237 
336 
1.26 


1 O 

106 
153 
225 
303 
1.45 


Properties after curing in press at UO^C forlO min 






'MECHANICAL PROPERTIES (ASTM D412-83) 






Modulus at 100% (MPa) 
Stress at break (MPa) 

Elongation at break (%) 
Hardness Shore A (points) 


4.5 
11.7 
270 
70 


4.2 
11.3 
274 
70 


Properties after post-curing in oven at 230 " C for 24 hours 






•MECHANICAL PROPERTIES (ASTM D412-83) 






Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Hardness Shore A (points) 


7.2 
16.9 
186 
72 


6.4 
17.4 
203 
70 


'COMPRESSION SET at 200 -C for 70 hours (ASTM D395 Method B) 






0-ring 214 (%) 


17 


17 



comparative 

Ml; master BisphenolAF/fluoroelastomer (50/50) , ♦ /-.n/ym 

M2: master N,N-diethyl-diphenylbenzyl-aminophosphonium chloride/fluoroelastomer (30/70) 



EXAMPLE 9 



In a 5 I autoclave, equipped with a stirrer working at 630 rpm. were charged, ' °| 

deminerallzed water and 36.0 ml ol a perfluoropolyoxyalkylene microemuls.on previously obtained by 



mixing: 



7.8 ml of an acid-terminated perfluoropolyoxyalkylene of formula: 

CF30(CF2-CF(CF3)0)n(CF20)mCF2COOH 

wherein n/m = 10. having average molecular weight of 600; 
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10 



' 7.8 ml of a 30% by volume aqueous NH4OH solution; 

- 15.6 ml of deminerallzed water; 

- 4.8 ml of Galdent''> D02 of formula: 

CF3 0(CF2-CF(CF3)OWCF20UCF3 

wherein n/m = 20, having average molecular weight of 450 

reacSn ^^'"^ '"'^ temperature for the whole duration of the 

reaction. The following monomer mixture was then fed: 



vinylidene fluoride (VDF) 
hexafluoropropene (HFP) 
tetrafluoroethylene (TFE) 



75 



30.0% by moles 
54.0% by moles 
16.0% by moles 



20 



25 



so as to bring the pressure to 21 bar. 
In the autoclave were then introduced: 
' wLor; °* ^'^'^^"'"'^ persulphate (APS) aqueous solution having a 1.0 g/l concentration, as 

" ml'ST'^'T'lT^ ^^""''''^ '^""^'"^ °' Obtained dissolving 

5^5 ml of the .od.nated product in 14.5 ml of the same Galden"" D02 used for the microemulsion- 
- " 'o^-^ula CH. =CH-(CF.).-CH = CH.. in the form of solution obtained dissolving 2.5 ml 

Lh , Jc "^'"'^ '^'^ ^^^"ed out in 20 portions 

each of 2.5 ml, beginning from the polymerization start and every 5% increase in the monome^ 
conversion. 

mixt^r^consi^i^gT"" °^ polymerization by feeding a 



30 



35 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



rr.^nTl^^'^ T'"."*^'. ^"^^^^""^ latex discharged and the polymer 

coagulated, washed and dried. 1522 g of product were so obtained, which was characterized as reported fn 

The polymer was then peroxide cured: the vulcanization mixture composition and the characteristics of 
the cured product are reported in Table 10. ^ndrdciensiics ot 

40 EXAMPLE 10 

In a 5 I autoclave, equipped with a stirrer working at 630 rpm. were charged, after evacuation 3 5 I of 
demmerahzed water and 36.0 ml of the perfluoropolyoxyalkylene microemulsion of Example 9 

45 reacSn T.1nu^ '''' "''"^'^ ''""^ temperature for the whole duration of the 

45 reaction. The following monomer mixture was then fed: 



50 



55 



vinylidene fluoride (VDF) 
hexafluoropropene (HFP) 
tetrafluoroethylene (TFE) 



30.0% by moles 
54.0% by moles 
16.0% by moles 



so as to bring the pressure to 21 bar. 
In the autoclave were then introduced: 

- U^^ml of an ammonium persulphate (APS) aqueous solution having a 1.0 g/l concentration, as 

' s^ti'ST'^'TlT"^ ^^'"'^'^^ '^""^'"^ '^^ °' Obtained dissolving 

5.5 ml of the lodinated product in 14.5 ml of the same Galden'"' D02 used for the microemulsion; 
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10 



- the bis-olefin of formula: 

CH2=CH-CH20CH2-CF20-(CF2CF20)„,(CF20)„-CF2-CH2 0CH2-CH = CH2 

wherein the ratio m/n is 0.5 and the molecular weight of the 

in the form of solution obtained dissolving 12.0 ml in 38.0 ml of the same Galden< ' D02 descnted 
above; the addition was carried out in 20 portions, each of 2.5 ml, beginn.ng from the polymenzafon 
start and every 5% increase in the monomer conversion. ^ < , 

The 21 bar pressure was kept constant for the whole duration of the polymerization by feeding a 

mixture consisting of: 



75 



20 



VDF 


50% by moles 


HFP 


26% by moles 


TFE 


24% by moles 



After 200 minutes of reaction, the autoclave was cooled, the latex discharged and the polymer 
coagulated, washed and dried. 1589 g of product were so obtained, which was characterized as reported in 

^^"'jhe polymer was then peroxide cured: the vulcanization mixture composition and the characteristics of 
the cured product are reported in Table 10. 

TABLE 9 



25 



30 



35 



40 



EXAMPLE 


9 


10 


Polymer composition (%mole) 






VDF 


53.6 


54.1 


HFP 


22.4 


21.0 


TFE 


24.0 


24.9 


bis-olefin 


0.05 


0.07 


Iodine 


(% by wt.) 
(per chain) 


0.38 
2.39 


0.38 
2.45 


Mooney viscosity (ASTM D1646) 






ML(1+10')121-C 


18 


22 


ML{1 +4') lOO'C 


43 


51 


Intrinsic viscosity h] (at 30 • C in MEK) 


41.8 


45.3 


Tc, onset CC) (DSC -ASTM D 3418-82) 


-12.5 


-13.6 



45 



50 



55 



18 
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TABLE 10 



EXAMPLE 


Q 


1U 


Vulcanization mixture composition 






Polymer (g) 


\ UU 


lUU 


Luperco<"M01 XL (phr) 


3 


3 


Drimix^'^) TAIC (phr) 


4 


4 


ZnO (phr) 


5 


5 


Carbon black MT (phr) 


30 


30 


vui^ciii^aiiuii iTiixiuro cnaracieri Sties 






*Mooney viscosity ML(1 + 10') 121 (ASTM D1646) 


26 


23 


"ODR 177 • C arc 3, 12* (ASTM D2084-81) 






ML (pounds- inch) 


6 


5 


MH /nm inHc* inr^K\ 


137 


131 




57 


60 


*s50 {oKJi^f 


90 


93 


t'go (sec) 


120 


120 


Vmax (pounds •foot* inch/sec) 


3.13 


2.98 


Properties after curing in press at 170 ' C for 10 min 






^MECHANICAL PROPERTIES (ASTM D412-83) 








4.3 


4.2 


oirybo ai ureaK (ivina) 


16.8 


16.3 


Elongation at break (%) 


244 


243 


Shore Hardness A (points) 


69 


70 


Properties after post-curing in oven at 230 • C for 24 hours 






•MECHANICAL PROPERTIES (ASTM D412-83) 






Modulus at 100% (MPa) 


6.1 


6.2 


Stress at break (MPa) 


20.5 


20.9 


Elongation at break (%) 


244 


232 


Hardness Shore A (points) 


72 


74 


-COMPRESSION SET at 200 • C for 70 hours (ASTM D395 Method B) 






0-rlng 214 (%) 


28 


34 



Claims 



1. A fluoroelastomer comprising monomeric units deriving from a bis-olefin having general formula: 



RiRjC = C -Z- C s CRjR, 

I I 

R, R, 



(I) 



wherein: 

Ri. R2, Ra. Ra. Rs. Re, equal or different from each other, are H or alkyls C-Cs; Z is an alkylene or 
cycloalkylene radical Ci-C,8. linear or banched, optionally containing oxygen atoms or a (oer)- 
fluoropolyoxyalkylene radical. 
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2. The fluoroelastomer according to claim 1. wherein Z is an alkylene or oxyalkylene radical Ci-C,o. at 
least partially fluorinated. 

3. The fluoroelastomer according to claino 1 , wherein Z is a perfluoroalkylene radical C*-C,2. 

4. The fluoroelastomer according to claim 1 , wherein Z is a (per)fluoropolyoxyalkylene radical of formula: 
-(Q)p-CF20-(CF2CF20)„(CF20)„-CF2-(Q)p- (H) 

wherein- Q is an alkylene or oxyalkylene radical C,-C,o;p is 0 or 1; m and n are integers such that the 
m/n ratio is comprised between 0.2 and 5 and the molecular weight of said (per)fluoropolyoxyalkylene 
radical is comprised between 500 and 10,000. 

5. The fluoroelastomer according to claim 4, wherein Q is selected from: -CH2OCH2- ; -CH2 0(CH2CH20)- 
15 sCH2-, s=1-3. 

6. The fluoroelastomer according to anyone of the previous claims, wherein R,. R2, R3. R*. Rs. Rs are 
hydrogen. 

20 7 The fluoroelastomer according to anyone of the previous claims, wherein the amount of monomeric 
units deriving from the bis-olefin is comprised between 0.01 and 1.0 moles per 100 moles of the other 
base monomeric units. 

8 The fluoroelastomer according to claim 7, wherein the amount of monomeric units deriving from the 
25 bis-olefin is comprised between 0.03 and 0.5 moles per 1 00 moles of the other base monomenc units. 

9 The fluoroelastomer according to claim 1. wherein the monomeric structure is based on vinylidene 
fluoride (VDF) copolymerized with at least a comonomer selected from: perfluoroclefins Cs-Cs; chloro- 
and/or bromo- and/or iodofluoroolefins Cs-Csi (per)fluoroalkylvinylethers (PAVE) CF2=CF0R,, wherein 

30 R, is a (per)fluoroalkyl C, -Ce ;perfluoro-oxyaalkylvinylethers CF2=CF0X. wherein X is a perfluoro- 
oxyalkyl C1-C12 having one or more ether groups; non-fluorinated olefins (01) C2-C8. 

10. The fluoroelastomer according to claim 9, wherein the base monomeric structure is selected from (% 
by moles): (a) VDF 45-85%, HFP 15-45%, TFE 0-30%; (b) VDF 50-80%, PAVE 5-50%, TFE 0-20%; (c) 
35 VDF 20-30%, 01 10-30%, HFP and/or PAVE 18-27%, TFE 10-30%. 

11 The fluoroelastomer according to claim 1. wherein the monomeric structure is based on 
tetrafluoroethylene (TFE) copolymerized with at least a comonomer selected from: (per - 
fluoroalkylvinylethers (PAVE) CF2=CF0R,, wherein R, is a (per)fluoroalkyl C-Cg; perfluoro-oxyalkyl- 

40 vinylethers CF2 = CF0X, wherein X is a perfluoro-oxyalkyi C,-C,2 having one or more ether groups; 
fluoroolefins Cj-Cs containing hydrogen and/or chlorine and/or bromine and/or iodine atoms; non- 
fluorinated olefins (01) Cz-Ca • 

12 The fluoroelastomer according to claim 11, wherein the base monomeric structure is selected from (% 
45 by moles): (d) TFE 50-80%. PAVE 20-50%; (e) TFE 45-65%, 01 20-55%. 0-30% VDF; (f) TFE 32-60 /p, 

01 10-40%. PAVE 20-40%; (g) TFE 33-75%, 15-45% PAVE. 10-22% VDF. 

13 The fluoroelastomer according to anyone of the previous claims, wherein iodine and/or bromine atoms 
are present In the chain and/or in the terminal positions to the macromolecules, vulcanizable by means 

50 of peroxides. 
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